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1
SPACER FOR THERMAL PLATE IN
SEMICONDUCTOR PROCESSING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a spacer for a thermal plate in
semiconductor process, and more particularly, to a spacer for
athermal plate in a cooling system in semiconductor process.

2. Description of the Prior Art

In the semiconductor processing, the application of the
thermal treatment step is very common. A thermal processing
recipe typically includes a step of heating a product wafer to
a specified temperature for a specified time period for achiev-
ing specified result. The heated product wafer is then dis-
charged to a cooling system to reduce the wafer temperature
before next process.

The cooling systems conventionally including a cooling
arm supplies ambient water as a process cooling medium, and
the cooling arm essentially includes a spacer for positioning
the product wafer to be cooled down. However, itis found that
strong vacuum is often generated in between the product
wafer and the spacer during cooling down. Therefore the
product wafer is held tightly or stuck up to the spacer, and thus
the product wafer suffers scraping, cracking, or even being
broken due to different heat expansion coefficients between
the product wafer and the spacer.

Therefore, a solution for preventing the wafer to be cooled
from being scraped, cracked, or even broken during cooling
down is always in need.

SUMMARY OF THE INVENTION

According to the claimed invention, a spacer for a thermal
plate in semiconductor processing is provided. The spacer
includes a base substrate having a top surface defined thereon,
a wafer having a bottom surface covering a portion of the top
surface of the base substrate, and a plurality of air passages
formed in between the bottom surface of the wafer and the
base substrate. The air passages connect the bottom surface of
the wafer to an ambience.

According to the spacer for the thermal plate in semicon-
ductor processing provided by the present invention, the air
passages formed in between the bottom surface of the wafer
and the base substrate of the spacer connect the wafer to the
ambience, so that the vacuum condition is prevented from
being generated. Consequently, wafer is no longer tightly
stuck up to the spacer, and thus the wafer scraping, wafer
cracking and even the breakage during wafer cooling down
are all avoided.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing illustrating a cooling arm
having spacers provided by the present invention.

FIG. 2 is a schematic drawing illustrating the cooling arm
having a wafer positioned thereon.

FIG. 3 is a cross-sectional view of the spacer provided by a
first preferred embodiment of the present invention taken
along a line A-A' of FIG. 2.

FIGS. 4-6 are schematic drawings illustrating variants of
the first preferred embodiment.
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FIG. 7 is a cross-sectional view of the spacer provided by a
second preferred embodiment of the present invention also
taken along the line A-A' of FIG. 2.

FIGS. 8-9 are schematic drawings illustrating variants of
the second preferred embodiment.

FIG. 10 is a cross-sectional view of the spacer provided by
a third preferred embodiment of the present invention.

DETAILED DESCRIPTION

Please refer to FIGS. 1-2, wherein FIG. 1 is a schematic
drawing illustrating a cooling arm having spacers provided by
the present invention and FIG. 2 is a schematic drawing
illustrating the cooling arm having a wafer to be cooled down
positioned thereon. As shown in FIG. 1, a cooling arm 1 is
provided by the present invention, the cooling arm 1 is a plate
and includes a watfer supporting unit 10 formed in a substan-
tially circular shape. In some applications, the cooling arm 1
serves both as a cooling mechanism of a wafer and a transfer
mechanism of the wafer. The cooling arm 1 includes a plu-
rality of spacers 20 formed at the edge of the wafer supporting
unit 10. It is noteworthy that the cooling arm 1 is provided as
an example, the spacers 20 provided by the present invention
can be applied to any thermal plate for cooling apparatus or
heating apparatus. Additionally, the number of the spacers
can be adjusted to fit the needs.

As shown in FIGS. 1-2, each of the spacers 20 includes a
wafer guide 50 formed in a center thereof. The wafer guides
50 fix the spacers 20 to the cooling arm 1 as shown in FIG. 1.
More important, the wafer guides 50 guide a wafer W to be
cooled down to a center of the wafer supporting unit 10, and
prevent the wafer W from side slipping from the cooling arm
1.

Please referto FIG. 3, which is a cross-sectional view ofthe
spacer provided by a first preferred embodiment of the
present invention taken along a line A-A' of FIG. 2. As shown
in FIG. 3. The spacer 20 includes a base substrate 22, and the
base substrate 22 includes ceramic, but not limited to this. The
base substrate 22 of the spacer 20 includes a top surface 24a
and a bottom surface 245 as shown in FIG. 3. More important,
the spacer 20 includes a plurality of protrusions 26 extending
upwardly from the top surface 24a of the base substrate 22. As
mentioned above, the wafer W to be cooled down is posi-
tioned on the spacer 20 and guided to a center portion of the
wafer supporting unit 10, and thus the wafer W covers a
portion of the top surface 24a of the base substrate 22. In
accordance with the preferred embodiment, a bottom surface
W, ofthe wafer W contacts top surfaces of the protrusions 26
as shown in FIG. 3. Therefore a plurality of air passages 28 is
formed in between the bottom surface W, of the wafer W and
the base substrate 22. Specifically speaking, the air passages
28 are formed between the bottom surface W, of the wafer W,
the protrusions 26, and the top surface 24a of the base sub-
strate 22. The air passages 28 connect the bottom surface W,
of the wafer W to an ambience as shown in FIG. 3.

Please refer to FIGS. 4-6, which are schematic drawings
illustrating variants of the first preferred embodiment.
According to a first variant of the first preferred embodiment,
the protrusions 26 includes a plurality of nipples 26a ran-
domly formed on the top surface 24a of the base substrate 22
as shown in FIG. 4. According to a second variant of the first
preferred embodiment, the protrusions 26 include a concen-
tric circle pattern 265 formed on the top surface 24a of the
base substrate 22 as shown in FIG. 5. According to a third
variant of the first preferred embodiment, the protrusions 26
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includes an omni-directional radiation pattern 26¢ formed on
the top surface 24a of the base substrate 22 as shown in FIG.
6.

Please refer to FIGS. 3-6 again. According to the spacer 20
provided by the first preferred embodiment of the present
invention, the air passages 28 formed between the bottom
surface W, of the wafer W, the protrusions 26 (includes
nipples 264, the concentric circle pattern 265, and the omni-
directional radiation pattern 26¢), and the top surface 24a of
the base substrate 22 connect the bottom surface W, of the
wafer W to the ambience. Therefore, no vacuum condition
will be generated between the wafer W and spacer 20 during
cooling down. Consequently, the wafer W is always pre-
vented from being stuck to the spacer 20 and further pre-
vented from scrape, crack, or even breakage due to the dif-
ferent heat expansion coefficients between the wafer W and
the base substrate 22 during cooling down.

Please referto FIG. 7, which is a cross-sectional view of the
spacer provided by a second preferred embodiment of the
present invention also taken along the line A-A' of FIG. 2.
Please note that the elements the same in both of the first and
second preferred embodiments are designated to the same
numerals. As shown in FIG. 7. The spacer 20 includes a base
substrate 22, and the base substrate 22 includes ceramic, but
not limited to this. The base substrate 22 of the spacer 20
includes a top surface 24a and a bottom surface 245 as shown
in FIG. 7. More important, the spacer 20 includes a plurality
of'notches 30 extending downwardly from the top surface 24a
of the base substrate 22. As mentioned above, the wafer W to
be cooled down is positioned on the spacer 20 and guided to
a center portion of the wafer supporting unit 10, and thus the
wafer W covers a portion of the top surface 24a of the base
substrate 22. Furthermore, a bottom surface W, of the wafer
W contacts the top surface 24a of the base substrate 22 as
shown in FIG. 7. Therefore a plurality of air passages 28 is
formed in between the bottom surface W, of the wafer W and
the base substrate 22. Specifically speaking, the passages 28
are formed in between the bottom surface W, of the wafer W
and the notches 30. The air passages 28 connect the bottom
surface W, of the wafer W to an ambience as shown in FIG. 7.

Please refer to FIGS. 8-9, which are schematic drawings
illustrating variants of the second preferred embodiment.
According to a first variant of the second preferred embodi-
ment, the notches 30 include a concentric circle pattern 30a
formed on the top surface 24a of the base substrate 22 as
shown in FIG. 8. According to a second variant of the second
preferred embodiment, the notches 30 include an omni-direc-
tional radiation pattern 305 formed on the top surface 24a of
the base substrate 22 as shown in FIG. 9.

Please refer to FIGS. 7-9 again. According to the spacer 20
provided by the second preferred embodiment of the present
invention, the air passages 28 formed between the bottom
surface W, of the wafer W and the notches 30 (includes the
concentric circle pattern 30a and the omni-directional radia-
tion pattern 305) connect the bottom surface W, of the wafer
W to the ambience. Therefore, no vacuum condition is gen-
erated between the wafer W and spacer 20 during cooling
down. Consequently, the wafer W is always prevented from
being stuck to the spacer 20 and further prevented from
scrape, crack, or even breakage due to the different heat
expansion coefficients between the wafer W and the base
substrate 22 during cooling down.

Please refer to FIG. 10, which is a cross-sectional view of
the spacer provided by a third preferred embodiment of the
present invention. Please note that the elements the same in
the first, second, and third preferred embodiments are all
designated to the same numerals. It should also be noted that
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the wafer supporting unit 10 includes not only the circular
shape as mentioned above, but also other shape such as a ring
shape as depicted in FIG. 10. As shown in FIG. 10. The spacer
20 includes a base substrate 22, and the base substrate 22
includes ceramic, but not limited to this. The base substrate 22
of the spacer 20 includes a top surface 24a and a bottom
surface 245 as shown in FIG. 3. More important, the spacer 20
includes a plurality of pin holes 40 penetrating the base sub-
strate 22 itself. Specifically speaking, the pin holes 40 pen-
etrate the base substrate 22 from the top surface 24a of the
base substrate 22 to the bottom surface 245 of the base sub-
strate 22. As mentioned above, the wafer W to be cooled down
is positioned on the spacer 20 and guided to a center portion
of the wafer supporting unit 10, and thus the wafer W covers
a portion of the top surface 24a of the base substrate 22.
Furthermore, a bottom surface W, of the wafer W contacts the
top surface 24a of the base substrate 22 as shown in FIG. 10.
Therefore a plurality of air passages 28 is formed in between
the bottom surface W, of the wafer W and the pin holes 40.
The air passages 28 connect the bottom surface W, of the
wafer W to an ambience as shown in FIG. 10.

According to the spacer 20 provided by the third preferred
embodiment of the present invention, the air passages 28
formed between the bottom surface W, of the wafer W and the
pin holes 40 connect the bottom surface W, of the wafer W to
the ambience. Therefore, no vacuum condition is generated
between the wafer W and spacer 20 during cooling down.
Consequently, the wafer W is always prevented from being
stuck to the spacer 20 and further prevented from scrape,
crack, or even breakage due to the different heat expansion
coefficients between the wafer W and the base substrate 22
during cooling down. Furthermore, it is well-known that the
base substrate 22, which includes ceramic, is always con-
sumed because the wafer W rubs against the base substrate 22
of the spacer 20. However, since the pin holes 40 penetrates
the base substrate 22 from its top surface 244 to its bottom
surface 245, it always exist within the base substrate 22 even
the base substrate 22 is severely consumed. In other words,
the lifetime of the spacer 20 is extraordinarily prolonged and
thus the machinery cost is reduced.

According to the spacer for the thermal plate in semicon-
ductor processing provided by the present invention, the air
passages formed in between the bottom surface of the wafer
and the base substrate of the spacer connect the wafer to the
ambience, such that the vacuum condition is prevented from
being generated. Consequently, wafer is no longer tightly
stuck up on the spacer and the wafer scraping, wafer cracking
and even the breakage during cooling down are all avoided. In
addition, it is conceivable that the vacuum condition may
occur between the wafer and the spacers of plate in cooling
apparatus or heating apparatus because it always involves
temperature change, therefore it is more preferable to adopt
the spacers provided by the present invention in thermal plate
for cooling apparatus or heating apparatus.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:
1. A spacer positioned on a cooling arm of a thermal plate
in semiconductor processing comprising:
a base substrate having a top surface defined thereon;
a wafer having a bottom surface covering a portion of the
top surface of the base substrate; and
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a plurality of air passages formed in between the bottom
surface of the wafer and the base substrate, the air pas-
sages connecting the bottom surface of the wafer to an
ambience,

wherein the spacer is fixed to the cooling arm.

2. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 1, fur-
ther comprising a plurality of protrusions extending upwardly
from the top surface of the base substrate.

3. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 2,
wherein the bottom surface of the wafer contacts top surfaces
of the protrusions.

4. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 3,
wherein the air passages are formed between the bottom
surface of the wafer, the protrusions, and the top surface of the
base substrate.

5. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 3,
wherein the protrusions comprise a plurality of nipples ran-
domly formed on the top surface of the base substrate.

6. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 3,
wherein the protrusions comprise a concentric circle pattern
formed on the top surface of the base substrate.

7. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 3,
wherein the protrusions comprise an omni-directional radia-
tion pattern formed on the top surface of the base substrate.

8. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 1, fur-
ther comprising a plurality of notches extending downwardly
from the top surface of the base substrate.

9. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 8,
wherein the bottom surface of the wafer contacts the top
surface of the base substrate.

10. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 9,
wherein the air passages are formed between the bottom
surface of the wafer and the notches.
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11. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 8,
wherein the notches comprise a concentric circle pattern
formed on the top surface of the base substrate.

12. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 8
wherein the notches comprise an omni-directional radiation
pattern formed on the top surface of the base substrate.

13. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 1, fur-
ther comprising a plurality of pin holes penetrating the base
substrate from the top surface of the base substrate to a bottom
surface of the base substrate.

14. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 13,
wherein the air passages are formed between the bottom
surface of the wafer and the pin holes.

15. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 1,
wherein the base substrate comprises ceramic.

16. The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 1, fur-
ther comprising a wafer guide formed in a center thereof.

17.The spacer positioned on the cooling arm of the thermal
plate in semiconductor processing according to claim 16,
wherein the wafer guide fixes the spacer to the cooling arm
and guides the wafer to a center of the cooling arm.

18. A cooling arm for a cooling and transferring a wafer in
semiconductor processing comprising:

a wafer supporting unit;

a wafer positioned on the wafer supporting unit, the wafer

comprising a bottom surface; and

a plurality of spacers formed at an edge of the wafer sup-

porting unit, and each of the spacers comprising:

a base substrate positioned on the wafer supporting unit;
and

aplurality of air passages formed in between the bottom
surface of the wafer and the base substrate, the air
passages connecting the bottom surface of the wafer
to an ambience,

wherein the spacers are fixed to the cooling arm.
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